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Abstract
Objectives: The main objectives of this study were to
establish expert validity (a convincing realistic repre-
sentation of colonoscopy according to experts) and
construct validity (the ability to discriminate between
diﬀerent levels of expertise) of the Simbionix GI Mentor
II virtual reality (VR) simulator for colonoscopy tasks,
and to assess the didactic value of the simulator, as
judged by experts.
Methods: Four groups were selected to perform one
hand–eye coordination task (EndoBubble level 1) and
two virtual colonoscopy simulations on the simulator;
the levels were: novices (no endoscopy experience),
intermediate experienced (<200 colonoscopies per-
formed before), experienced (200–1,000 colonoscopies
performed before), and experts (>1,000 colonoscopies
performed before). All participants ﬁlled out a ques-
tionnaire about previous experience in ﬂexible endos-
copy and appreciation of the realism of the colonoscopy
simulations. The average time to reach the cecum was
deﬁned as one of the main test parameters as well as the
number of times view of the lumen was lost.
Results: Novices (N = 35) reached the cecum in an
average time of 29:57 (min:sec), intermediate experi-
enced (N = 15) in 5:45, experienced (N = 20) in 4:19
and experts (N = 35) in 4:56. Novices lost view of the
lumen signiﬁcantly more often compared to the other
groups, and the EndoBubble task was also completed
signiﬁcantly faster with increasing experience (Kruskal
Wallis Test, p < 0.001). The group of expert endosco-
pists rated the colonoscopy simulation as 2.95 on a four-
point scale for overall realism. Expert opinion was that
the GI Mentor II simulator should be included in the
training of novice endoscopists (3.51).
Conclusion: In this study we have demonstrated that the
GI Mentor II simulator oﬀers a convincing realistic
representation of colonoscopy according to experts
(expert validity) and that the simulator can discriminate
between diﬀerent levels of expertise (construct validity)
in colonoscopy. According to experts the simulator
should be implemented in the training programme of
novice endoscopists.
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Training skills in endoscopy for diagnostic and thera-
peutic procedures is essential and requires a great deal of
hands-on training [1]. Virtual reality (VR) simulators
oﬀer a promising option to train these skills extensively
prior to training in real-life colonoscopy, without jeop-
ardizing patients or causing them unnecessary discom-
fort [2]. The use of VR training prior to performing real
ﬂexible endoscopy on patients enables novice endosco-
pists to go through part of their proﬁciency curve before
submitting patients to their relatively insuﬃcient
endoscopy skills. This might not only be advantageous
for the patients undergoing endoscopy, but might also
prevent complications and potential consequences
resulting in medicolegal litigation. One of the simulators
in the ﬁeld of ﬂexible endoscopy is the GI Mentor II (see
Figure 1). VR simulators have been used extensively in
diﬀerent ﬁelds of expertise before applying these pro-
cedures to patients. In the United States of America
simulator training is mandated by the Accreditation
Council for Graduate Medical Education (ACGME) in
laparoscopic procedures for surgical residents [3]. The
ﬁrst step is to validate the simulator construct properly
and verify its didactic value, before implementing sim-
ulators in teaching programmes or developing a new
curriculum for ﬂexible endoscopy around them. Correspondence to: Arjun D. Koch
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subject [4–6], but the presented outcomes lacked power
due to their relatively small sample sizes. In addition,
some cases did not study the validity of endoscopy, but
for example only the EndoBubble module, a computer
simulation skills test measuring how long it takes a
person to pop 20 balloons in a virtual tunnel.
Objective
The main objectives of this study were: (1) to establish
the degree of representation of real-life colonoscopy on
the Simbionix GI Mentor II VR colonoscopy simula-
tion, as judged by experts (expert validity), (2) to
determine whether the GI Mentor II simulator can
distinguish between various degrees of expertise in
endoscopy, judged by novice, intermediate experienced,
experienced and expert endoscopists performing VR
colonoscopy (construct validity), and (3) to assess the
didactic value of the simulator, as judged by experts.
Material and Methods
Simulator
The simulator used in this study was the Simbionix GI Mentor II
(Simbionix Ltd. Israel, software version 2.7.3.0) (Figure 1). The
GI Mentor II can simulate upper GI tract endoscopies such as
esophagogastroduodenoscopy, endoscopic retrograde cholangiopan-
creatographies, and endoscopic ultrasound. The lower GI tract en-
doscopies it simulates are sigmoidoscopy and colonoscopy. The
simulator records a range of parameters upon each exercise, which can
be used to assess performance objectively. The endoscope used is a
customized Pentax ECS-3840F endoscope.
Participants
Participants were allocated to four groups to assess the validity and
didactic value of the GI Mentor II simulator. The ﬁrst group, the
novices, was deﬁned as participants without any ﬂexible endoscopy
experience; they were all medical interns or residents. The second
group was intermediate experienced, with fewer than 200 colonos-
copies performed before. In the third group experienced participants all
performed more than 200 colonoscopies but fewer than 1,000. The
fourth group consisted of experts, all of whom had performed more
than 1,000 colonoscopies. These categories were chosen based upon
several other studies, the demands for Dutch accreditation for colo-
noscopy, and the accreditation demands of the British Society of
Gastroenterology, which advocates 200 colonoscopies under supervi-
sion during training [4, 6–8]. All persons were either invited to par-
ticipate within our hospital, or participated during a national congress
of the Dutch Society of Gastroenterology in spring 2006.
The groups consisted of at least 28 persons to ensure suﬃcient
statistical power [9]. A post hoc sample size calculation based on the
results for time to ﬁnish the EndoBubble task showed a minimal
sample of 26 participants in the novices group to achieve a power of
0.95. Originally, the intermediate experienced and experienced partic-
ipants formed one group, but as the expertise level and performance
within this group varied considerably, this groups was split. A sche-
matic setup of the study design is presented in Figure 2.
Questionnaire
All participants were asked to ﬁll out a questionnaire on demographics
and their general medical and endoscopy experience. It also included
the number of endoscopies performed annually and number of years
registered as a skilled professional endoscopist.
After the simulator run the participants were asked to answer
questions about their appreciation of the realism of the colonoscopy
exercises performed. Appreciation was expressed on a four-point
Likert scale [10] varying from very unrealistic (1) to very realistic (4).
Questions were asked about the realism of imaging, simulator setup,
endoscope control and both haptic and visual feedback. Experts were
asked whether the GI Mentor II could be used as a teaching device for
novice endoscopists and whether experience on the simulator could be
useful in practice.
Simulation modules
All participants ﬁrst performed the hand–eye coordination task (En-
doBubble level 1) of popping all 20 balloons in the test as quickly as
possible, without touching the walls. Next, the participants performed
VR case numbers 1 and 3, both from colonoscopy module 1. These
cases were carefully selected for their discriminative value; both cases
are straightforward colonoscopies, without any abnormalities such as
polyps, tumours, or inﬂammation. Case number 1 is a relatively easy
colonoscopy to perform, whereas case number 3 is more diﬃcult,
requiring the endoscopist to apply techniques such as straightening the
Fig. 1. The GI Mentor II virtual reality simulator, the setup for
training in lower endoscopy.
Fig. 2. The study design.
159endoscope during loop formation and applying torque to the endo-
scope shaft. The assignment given for the VR colonoscopies was to
reach the cecum as quickly as possible with as little patient discomfort
as possible. Patient discomfort was deﬁned as the estimated percentage
of time the virtual patient was in excessive pain and the number of
times excessive local pressure was caused. Other relevant test param-
eters were the percentage of time spent with clear view and the number
of times view of the lumen was lost. The task was considered accom-
plished when the cecum was reached.
Data analysis
SPSS 13.0 software was used to perform descriptive statistics and
Kruskal–Wallistestsforstatisticanalysisofthedata.Aseparateanalysis
betweengroupswasperformedusinga two-tailed Mann–Whitney exact
U test. A p-value of less than 0.05 was considered signiﬁcant. The data
showedanonparametricdistribution,thereforethemedianandrangeof
performance parameters are presented as primary values.
Results
Participants
Thirty-ﬁvenovices,15intermediates,20experienced,and
35 expert endoscopists participated in the study. The
average number of colonoscopies performed annually by
experts was 445, and their mean number of years regis-
tered as a gastroenterologist was 7.7 (range 0–35 years).
Construct validity
Data output by the simulator are presented in Tables 1
and 2. The EndoBubble task was completed faster by
the experts and experienced endoscopists than by nov-
ices, with fewer wall collisions. These diﬀerences were
statistically signiﬁcant (Kruskal–Wallis test) (Table 1).
Also the colonoscopy tasks were completed faster
(p < 0,001, Kruskal–Wallis test), with less patient
comfort and better visibility by experts and experienced
endoscopists (Table 3). Novice endoscopists (N = 35)
reached the cecum in a mean time of 29:57 (min:sec) in
colonoscopy case 3, intermediate experienced (N = 15)
in 5:45, experienced (N = 20) in 4:19, and experts
(N = 35) in 4:56. Novices lost view of the lumen sig-
niﬁcantly more often than the other groups.
A separate analysis between groups using a Mann–
Whitney exact U test demonstrated no signiﬁcant dif-
ference between the intermediate, experienced and ex-
pert groups on all parameters. They all completed the
task faster than the novices (see Table 4).
Expert validity
The group of expert endoscopists rated the colonoscopy
simulation 2.95 on a four-point Likert scale for overall
realism. Anatomical representation was rated 2.58, and
the simulator setup 3.14. Endoscope control scored 3.21.
Haptic feedback was rated 2.57.
Didactic value
Expert opinion was that the GI Mentor II simulator
should be included in the training of novice endoscopists
(3.51 on a four-point Likert scale) and that expertise
gained on the simulator was considered applicable in a
clinical curriculum (rated 3.29 out of 4). The simulator
was not considered suitable for certiﬁcation of trained
endoscopists (rated 2.29 out of 4).
Discussion
This study represents the largest and most detailed
study on the validity of this type of colonoscopy sim-
ulator so far. The data show that the simulator can
discriminate clearly between endoscopists of diﬀerent
expertise levels performing diﬀerent colonoscopy tasks.
Diﬀerences were statistically signiﬁcant using relatively
large sample sizes in all three exercises, the EndoBub-
ble task as well as cases number 1 and 3. The diﬀerence
between our study and previous studies by others is
that we focused on the basic aspects of navigation for
colonoscopy itself, rather than on the hand–eye coor-
dination task alone, used for example in the study by
Ritter et al. [4], and that we included more participants
in four separate groups with diﬀerent levels of expertise
[4–6, 11, 12]. in this way we were able to demonstrate
that the GI Mentor II can distinguish between exper-
tise levels up to the level of an intermediate experienced
endoscopist, who has performed around 200 colonos-
copies. In a similar study Sedlack et al. [5] describe a
limited construct for a diﬀerent simulator (AccuTouch,
Immersion Medical). Felsher et al. [11] demonstrated
diﬀerences between novices and experts in large sample
sizes but did not compare novices to intermediate levels
of expertise. In this study we have demonstrated con-
vincing expert validity for colonoscopy on the GI
Mentor II virtual simulator. This in contrast to other
studies focusing on the EndoBubble task as a valida-
tion study [4] and not dealing with the subject of expert
validity [4, 6, 7, 11, 12].
The colonoscopy tasks were considered as accom-
plished once the participants reached the cecum. Asking
the participants to inspect the mucosa on the way back
through the colon does not, in our opinion, provide a
proper representation of the endoscopists skills in
manoeuvring through the colon, as other aspects besides
the basic navigation skills of the endoscopist could
Table 1. EndoBubble hand–eye coordination task
Experience
Time to ﬁnish
(min:sec)
Number of times
wall touched
Novice N = 35 Mean 6:56 1.9
Median 5:58 1.0
Range 1:24–20:25 0–20
Intermediate N = 15 Mean 1:56 1.1
Median 1:41 0.0
Range 0:54–4:02 0–5
Experienced N = 20 Mean 1:37 0.9
Median 1:21 0.0
Range 0:43–5:33 0–9
Expert N = 35 Mean 1:24 0.3
Median 1:13 0.0
Range 0:49–3:25 0–2
Kruskal-Wallis Chi- square 63.151 9.374
Asymp. sign .000 0.025
160inﬂuence the performance parameters provided by the
simulator considerably in this case. This might lead to
very diﬀerent end times depending, for example, on the
carefulness of the endoscopist.
This study demonstrates that the GI Mentor II
simulator oﬀers a convincing, realistic representation
of colonoscopy according to experts. The over-
all assessment was good. Expert opinion was that the
simulator can be used as a teaching tool for novice
endoscopists. The simulators haptic feedback is
doubtful. Inexperienced residents can be trained in the
skills necessary in ﬂexible endoscopy such as steering
Table 2. Colonoscopy module 1, cases 1 and 3
Experience
Time to reach
cecum
(hour:min:sec)
% of time
spent with
clear view
Lost view
of lumen
Excessive
local
pressure
% of time
patient was
in pain
Excessive
loop
formed
Case 1 Novice N = 35 Mean 6:47 96 0.4 0.5 13.3 0.83
Median 6:16 97 0 0 11 0
Range 1:53–15:08 82–99 0–3 0–3 0–44 0–6
Intermediate N = 15 Mean 1:36 97 0 0 8 0.6
Median 1:40 98 0 0 5 0
Range 0:55–2:52 91–100 0 0 0–30 0–3
Experienced N = 20 Mean 1:23 98 0 0.2 9.2 0.7
Median 1:21 98 0 0 8 1
Range 0:48–2:43 89–100 0 0–1 0–27 0–3
Expert N = 35 Mean 1:23 98 0 0 14.5 1.49
Median 1:17 98 0 0 12 1
Range 0:42–3:16 94–100 0–1 0 0–57 0–10
Case 3 Novice N = 35 Mean 29:57 86 3.2 3.89 2.2 4.77
Median 23:42 85 3 3 0 1
Range 4:48–1:28:19 72–96 0–12 1–14 0–24 0–34
Intermediate N = 15 Mean 5:45 89 1.1 2.1 0.9 1.13
Median 4:21 92 1 2 0 0
Range 2:28–13:41 78–97 0–4 0–6 0–4 0–8
Experienced N = 20 Mean 4:19 91 0.6 1.9 1.0 1.6
Median 3:50 91 0 1 0 1
Range 2:27–7:02 73–99 0–3 0–8 0–4 0–9
Expert N = 35 Mean 4:56 89 0.9 1.6 2 2.51
Median 4:03 90 1 1 1
Range 1:38–15:39 68–99 0–4 0–6 0–10 0–12
Table 3. Statistics colonoscopy module 1, cases 1 and 3
Time to
reach
cecum
% of time
spent with
clear view
Lost view
of lumen
Excessive
local
pressure
% of time
patient was
in pain
Excessive
loop
formed
Case 1 Chi square 69.043 13.889 18.415 19.783 7.101 10.691
Asymp. sig. 0.000 0.003 0.000 0.000 0.069 0.014
Case 3 Chi Square 65.559 6.978 41.936 28.794 4.284 4.856
Asymp. sig. 0.000 0.073 0.000 0.000 0.232 0.183
Kruskal-Wallis test
Table 4. Diﬀerences between groups module 1, cases 1 and 3
Time to
reach
cecum
% of time
spent with
clear view
Eost view
of lumen
Excessive
local
pressure
% of time
patient was
in pain
Excessive
loop
formed
Case 1 Novice vs. intermediate 0.000 0.177 0.039 0.013 0.070 0.743
Intermediate vs. experienced 0.166 0.617 1.000 0.244 0.385 0.547
Experienced vs. expert 0.962 0.621 1.000 0.043 0.077 0.020
Intermediate vs. expert 0.141 0.259 1.000 1.000 0.018 0.009
Case 3 Novice vs. intermediate 0.000 0.104 0.000 0.004 0.584 0.040
Intermediate vs. experienced 0.257 0.394 0.285 0.503 0.771 0.184
Experienced vs. expert 0.969 0.297 0.153 0.942 0.154 0.726
Intermediate vs. expert 0.326 0.757 0.870 0.416 0.111 0.090
Mann–Whitney two-tailed test, exact signiﬁcance
161control, straightening the endoscope during loop for-
mation and applying torque up to a certain level.
Conclusion
The current study demonstrates that the GI Mentor II
simulator oﬀers a convincing, realistic representation of
colonoscopy according to experts (expert validity) and
that the simulator can discriminate up to the level of
intermediate experienced endoscopists (construct valid-
ity) in colonoscopy. In the cases used the simulator
could not discriminate between intermediate, experi-
enced and expert endoscopists. The next step will be a
study to determine whether novice endoscopists can
develop a learning curve that will actually improve their
endoscopic skills applied to real patients.
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